Our common experience with the Doppler shift (∆f D ), coming from a passing vehicle for example, is when the source approaches the observer, the detected frequency ( f  ) is higher than the source frequency ( 0 f ) (Fig. 1a) . Vice versus, signal with lower frequency is detected when the wave source is moving away. This occurs because the wave propagates in the naturally existing positive refractive index media, where the group velocity g v and the wave vector k are parallel, i.e. all rotation angles θ, as shown in Fig. 4a inset, so that the desired negative refractive angle can be found.
The experimental result is presented in Fig. 4a . At a refraction angle of approximately θ=-26º (incident angle is 60º ) high intensity signal could be measured clearly indicating that the PC prism is operating in the negative refraction region, with a measured n p =-0.5062. The result is reproducible for different samples of the same geometry with a  4º error range of the refraction angle. The measured n p is slightly smaller than the theoretical estimation (-0.7)
mainly due to the finite height of the 2D PC in the experiment, which is different from the infinite height of rods assumed in the calculation [14] [15] [16] (see Supporting Information).
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To measure the Doppler effect the same setup in Fig. 2 is employed. The PC prism is fixed at the measured negative refraction angle and the translation stage is moving uniformly along the x-axis to generate a relative velocity with respect to the detector setting to be perpendicular to the beam propagating direction. During the experiment, the CO 2 laser and the detector are both static. In order to distinguish the normal and anomalous Doppler effect a reference beam is employed in the system. The beam splitter 2, which is placed on the same translation stage as that of the PC prism, as depicted in the inset of Fig. 3 , is used to parallel combine the reference beam and the signal beam refracted by the PC prism.
Considering the velocity of the translation stage is along the +x-axis (see Supporting
Information for -x-axis displacement), the schematic diagram of light propagating in the PC prism is shown in Fig. 2 . Since the propagating direction of the CO 2 laser beam is perpendicular to the incident interface of the prism, the interface velocity in the direction of light propagation is zero. Therefore, no Doppler shift occurs at this incident interface. For the exit interface of the prism, the velocity in the direction of light propagation can be written as
, where v is the velocity of the translation stage. Therefore, the Doppler frequency shift at the second interface can be calculated simply:
where 0 f is the original frequency of the CO 2 laser, and c is the light velocity in vacuum.
When n p is negative, f 1 is larger than f 0 , and thus the inverse Doppler effect occurs.
By taking the relative movement between the PC prism and the detector into consideration, the exit interface of the prism, which can be considered as an effective source of the outgoing light, moves towards the detector. Since the transmitting medium is air with a 6 positive index of unity, the second Doppler effect is normal. Therefore, the recorded Doppler frequency shift at the detector surface can be calculated as
where a new parameter k is defined as
which is always positive and close to 1 in the non-relativistic regime, i.e. 
The frequency difference between the signal frequency 2 f from the PC prism and the reference frequency 2 f  from the beam splitter 2 can be obtained from Eq. 2 and Eq. 4: 
